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Abstract
As early as the 1950’s it was shown that animals as mice, rats, guinea pigs, and
monkeys that received one injection of xenogeneic thyroglobulin emulsified in Complete
Freund’s Adjuvant (CFA) developed Experimental Autoimmune Thyroiditis (EAT)
(Voller et al., 1980). The damage reported was destruction of the thyroid follicles, and
infiltration of the thyroid by macrophages, neutrophils, and lymphocytes. An injection of
Bordetella pertussis proved to enhance the incidence and severity of EAT in animal
models. Bordetella pertussis is no longer manufactured in large quantities, and it is
extremely difficult to purchase. Therefore, a different procedure had to be developed that
would induce EAT in Sprague-Dawley rats. The procedure that was successful in
inducing EAT required intradermal injections of bovine thyroglobulin (BTg) emulsified
in CFA at days 0 and 7. The effective dose was 5.5 mg BTg/ per 100 grams of body
weight emulsified in a volume of 0.15 ml of CFA and saline, and injected into each rear
footpad. Control animals were injected with 0.15 ml of an emulsion of CFA and saline in
each rear footpad.
Groups 2, 3, and 4 weighed 450 grams (12-14 weeks old) at the first injection, and
9 of 10 experimental animals developed EAT. On day 21, exploratory surgeries were
performed to determine if the experimental animals had developed an increase in
vascularity or enlargement of the thyroid. This is an indicator that the disease has been
induced. The animals were sacrificed at day 21, and their thyroids were removed to be
processed for viewing under the SEM. The numbers of thyroid follicles were greatly
reduced in the experimental group, and large amounts of connective tissue was seen
between follicles. Infiltrating cells were observed in some animals.

Group 1 animals weighed 250 grams (7-8 weeks old) at the first injection.
Experimental animals received 5.5 mg BTg/ per 100 grams of body weight in 0.15 ml
emulsion of CFA and saline injected into each rear footpad. On day 21, when the thyroids
of Group 1 animals were observed during exploratory surgeries, no increase of size or
vascularity of the thyroid was seen. Weekly exploratory surgeries were performed until
day 42, and no enlargement of thyroid or increase in vascularity was observed. Group 1
animals were re-injected on days 42 and 49, followed by exploratory surgeries at day 63.
At day 42 the animals weighed 450 grams and were 12-14 weeks old. On day 63, all
experimental animals displayed enlargement and increase of vascularity, and they were
sacrificed. Severe thyroid lesions were observed in 3 of 4 experimental animals. These
thyroid lesions were characterized by a decreased number of follicles, increase in
connective tissue between follicles, and occasionally cellular infiltration.
Since weight correlates to age in Sprague-Dawley rats until they reach a weight of
500 grams, age may be a factor determining the successful induction of EAT. Young
animals may have an immature immune system, and thus cannot respond to the BTg
emulsified in CFA. Levels of hormones vary between immature and mature animals and
this is another factor that needs to be investigated in future research.
The identification of the infiltrating cells was not possible using just the SEM.
SEM proved to be an useful tool to assess the severity of EAT.
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Induction of Experimental Autoimmune Thyroiditis (EAT) in Sprague-Dawley Rats
And Measurement of Severity of EAT Using Scanning Electron Microscopy
Introduction:
1. Anatomy of the Thyroid Gland
The human thyroid gland is composed of two lobes joined by the isthmus. Each
lobe is approximately 5 cm long, 3 cm wide, and 2 cm thick. It is located in the lower
portion of the throat, just below the larynx (Gray, 2000). Its weight is variable, but the
average weight is approximately 30 grams. This gland varies in size and weight
depending on nutritional, environmental, and hormonal changes (Martini et al., 2003).
For example, in females there is an enlargement of the gland during menstruation, and
pregnancy (Gray, 2000). The lobes of the thyroid gland are conical in shape with their
apexes pointing in an upward direction. The base of the lobe is located between the fifth
and sixth tracheal ring. The isthmus of the thyroid gland serves as a communication
pathway connecting the lower thirds of the lobes, and it lies on top of the second and
third tracheal ring (Gray, 2000).
The thyroid gland is well vascularized, and it has a reddish appearance due to its
extensive blood flow. The arteries that supply the thyroid gland are the superior and
inferior thyroid arteries, and occasionally an additional branch from the innominate artery
or the arch of the aorta (Gray, 2000). There is also a venous drainage system through the
superior and middle thyroid veins, which end in the internal jugular vein, and the inferior
thyroid veins, which terminate into the brachiocephalic veins (Martini et al., 2003). Other
important anatomical structures present in the thyroid gland are the two pairs of
parathyroid glands, and the recurrent laryngeal nerve located along the trachea behind the
thyroid gland (Greenspan and Gardner, 2004).
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<a) Location of thyroid gland, anterior view

Fig. 1 Location and Vascular system of the thyroid gland (Reproduced, with
permission, from Martini, F. et al.: Human Anatomy, 4th ed. Prentice Hall, 2003).
2. Histology of the Thyroid Gland
Each thyroid lobe is made up of 30 million follicles, which are filled with a
material that is referred to as colloid; a viscous fluid containing large quantities of
suspended proteins, primarily the glycoprotein thyroglobulin (Martini et ah, 2003). The
follicles store, and secrete thyroid hormones (Fisher, 1985). Each human follicle
measures approximately 0.05 to 0.5 mm in diameter. The lining of the typical follicle is
composed of simple cuboidal epithelium with a lumen that contains minimal amounts of
colloid. When the thyroid gland is inactive, the follicles are enlarged, composed of
squamous epithelium, and contains abundant colloid (Guyton, 2000). In addition, there
are also C-cells or parafollicular cells present in the thyroid, which secretes calcitonin
(Ham, 1974).

2

(b) Thyroid and parathyroid tissues (IM x 116)

Fig. 2 Gross Anatomy and Histology of Thyroid Gland (Reproduced, with
permission, from Martini, F. et al.: Human Anatomy, 4th ed. Prentice Hall, 2003).

(c) Thyroid follicles (LM x 260)

Fig. 3 Histology of Thyroid Follicles (Reproduced, with permission, from Martini, F.
et al.: Human Anatomy, 4th ed. Prentice Hall, 2003).
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3. Physiology and Endocrinology of the Thyroid Gland
3.1 Thyroglobulin (Tg)
The major constituent of colloid is the large glycoprotein thyroglobulin
(molecular weight 660,000), which is synthesized in the cells of the follicles, and then
released into the lumen of the follicles. Thyroglobulin contains approximately 5500
amino acids, 140 tyrosyl residues, and 10% carbohydrate in the forms of mannose,
galactose, fucose, sialic acid, and chondroitin sulfate, (Greenspan and Gardner, 2004).
The iodine content of thyroglobulin can vary from 0.1 % to 1% by weight. According to
the amount of iodine present, thyroglobulin can produce different amounts of
monoiodotyrosine (MIT) and diiodotyrosine (DIT), which can undergo coupling to form
triiodothyronine (T3) and thyroxine (T4) hormones (Greenspan and Gardner, 2004).
3.2 Thyroid Hormones Synthesis and Secretion
The thyroid gland is one of the most important endocrine glands because it
produces two major active hormones: thyroid hormones (T3 and T4), and calcitonin
(Greenspan and Gardner, 2004). The capacity of the thyroid to store a precursor form of
its hormone in an extracellular compartment makes it unusual among the endocrine
glands (Kessel and Kardon, 1979). The synthesis of T3 and T4 involves five steps: (1)
active transport of T across the basement membrane, (2) oxidation of iodide, and
iodination of tyrosyl residues in thyroglobulin, (3) coupling of iodotyrosine molecules to
form T3 and T4 (containing three and four iodine per molecule respectively), (4)
proteolysis of thyroglobulin, and finally (5) deiodination of iodotyrosine within the
thyroid cells (Greenspan and Gardner, 2004; Martini et al., 2003).
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Secretion of thyroid hormones occurs after production of T3 and T4 inside the
thyroid cells. The first step prior to secretion of the thyroid hormone is production of
lysosomal enzymes by the rough endoplasmic reticulum (RER). These lysosomes contain
an acidic environment with different proteolytic enzymes that will digest the
thyroglobulin. Colloid from the lumen is engulfed into a vesicle by a process called
macropinocytosis (Greenspan and Gardner, 2004). The lysosomes then fuse with the
colloid vesicle. Hydrolysis of the thyroglobulin takes place releasing T3, T4 , MIT, and
DIT peptide fragments. T3 and T4 are released into the bloodstream, while MIT and DIT
undergo coupling to form more T3 and T4 hormones (Greenspan and Gardner, 2004).
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Fig. 4 Processes of Synthesis and Secretion of Thyroid Hormones (Reproduced, with
permission, from Greespan, F. et al.: Basic &Clinical Endocrinology, 7th ed.
McGraw-Hill, 2004).
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3.3 Hormonal Control
Control over the production of the thyroid hormones is caused by thyroid
stimulating hormone (TSH), which is released by the anterior pituitary gland in a
response to thyroid releasing hormone (TRH) produced by the hypothalamus. TSH and
TRH are released when there are low concentrations of unbound thyroid hormone in the
blood (Kessel and Kardon, 1979), and TSH and TRH levels decrease as blood thyroid
hormones rise (negative feedback mechanism).
Sufficient Dietary iodine

TRH

Negative
Feedback

T hyroid

T 3 a n d T4

Fig. 5 Interaction of TSH and TRH at normal levels of Iodine (Higdon, J. An
evidence Based Approach to Vitamins and Minerals, New York: Thieme
Publications; 2003:181. Reprinted by permission).
Another major function of the thyroid gland is to collect iodine from the
bloodstream to make the thyroid hormones T3 and T4 (Rose et al., 2002). However, when
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there are low levels of iodine, these thyroid hormones cannot be produced. As a result,
the hypothalamus sends a signal to produce more TRH, which sends a signal to the
anterior pituitary gland to produce more TSH. The elevated levels of TSH and TRH
cause an increase in the number of follicular cells, increase in size of those cells, and
angioneogenesis of the thyroid gland. In addition, there is no negative feedback because
T3 and T4 are never produced (Greenspan and Gardner, 2004). In Hashimoto’s Thyroiditis
and EAT induced in rats, the low levels of iodine are not the cause for goiter formation,
but the destruction of the thyroid gland by infiltrating cells that prevents the production of
thyroid hormones, and as a result thyroid enlargement occurs.
Insufficient Dietary Iodine

TRH

1
A n terio r Pituitary

Low Negative
Feedback
Excess TSH

Thyroid
H ypertrop hy

lodino

{Goiter)

Low T4

Fig. 6 Interaction of TSH and TRH at low levels of Iodine (Higdon, J. An evidence
Based Approach to Vitamins and Minerals, New York: Thieme Publications;
2003:181. Reprinted by permission).
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3.4 Iodine and Autoimmunity
Iodine is an important component in the formation of thyroid hormones. It is
incorporated into thyroglobulin, which undergoes coupling to yield T3 and T4 as the end
products (Rose et al., 2002). The lack of iodine in an individual’s diet is considered an
environmental factor in the development of thyroid disorders. The recommended daily
allowance (RDA) of iodine for an adult is approximately 150 |ig/day. However, it is
known that in North America, people are consuming approximately 500 pg/day, and it
appears that there is a correlation between the induction of Chronic Lymphocytic
Thyroiditis (CLT) and the over consumption of iodine (Rose et al., 2002). Studies
performed in areas where there is a lack of iodine consumption demonstrated that after
given supplemental iodine, there was a rise in the lymphocytic infiltration, and an
increase in the production of autoantibodies against Tg (Rose et al., 2002). Much of the
results came from studies where patients received an iodine-rich drug. Similar results
were obtained in a mice model where when there was an increase of iodine intake, there
was an increase in the induction of autoimmune thyroiditis (Rose et al., 2002; Bhatia et
al., 1996). According to Champion et al. (1991), it is believed that iodination of Tg is
critical for the recognition by Tg-reactive T-cells in murine models. In addition, when
there was no iodine available for iodination of Tg, thyroid lesions could not be induced. It
appears that the role of iodine is more than just an agent that enhances or inhibits
induction of a thyroid disorder, but it is seems that is an environmental trigger of
unknown mechanism(s) that plays a role in the autoimmunity of the disease.
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4. Disorders of the Thyroid Gland
4.1 Hypothyroidism
The major two clinical conditions caused by a defect in thyroid gland activity are
hypothyroidism and hyperthyroidism. In the case of hypothyroidism, there is a deficiency
in thyroid hormones production and secretion. Iodine deficiency at different geographical
locations is a leading cause for hypothyroidism development (Kessel and Kardon, 1979).
Hypothyroidism has different signs and symptoms depending on the age of the individual
affected. There is slow growth accompanied by severe permanent mental retardation in
children. This condition is called cretinism (Greenspan and Gardner, 2004).
Hypothyroidism in adulthood is characterized by hair loss, weight gain, formation of a
goiter, slowness of speech, and a lethargic mental state. Additionally, a condition called
myxedema occurs, which is characterized by accumulation of mucous fluid under the
skin, causing the skin to become rigid (Greenspan and Gardner, 2004).
4.2 Hyperthyroidism
When there are elevated levels of circulating thyroid hormone in the bloodstream,
the condition is referred as to hyperthyroidism or thyrotoxicosis. The most common form
of thyrotoxicosis is Graves’ disease, which is considered an idiopathic autoimmune
disease. Symptoms and signs that accompany Graves’ disease include goiter formation,
ophthalmopathy (eyes protruding due to periorbital edema), tachycardia, diarrhea,
excessive sweating, intolerance to heat, and muscular weakness usually accompanied
with loss of muscle mass (Greenspan and Gardner, 2004). When blood work is performed
on individuals with Graves’ disease, an antibody of the IgG class appears to be produced
against a thyroid antigen. This antibody stimulates the thyroid gland by binding with the
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TSH receptor, and stimulates excess thyroid hormone production and release. Since the
effect of this antibody is more prolonged than TSH, this antibody is called Long Acting
Thyroid Stimulator (LATS) (Kessel and Kardon, 1979).
4.3 Hashimoto’s Thyroiditis
Hashimoto’s Thyroiditis is a chronic disease, and is the leading cause of
hypothyroidism and goiter in the United States. It is an autoimmune disease in which
lymphocytes become sensitized to a thyroid antigen resulting in the formation of
antibodies that destroy the thyroid gland follicles, and prevent production of thyroid
hormones such as T3 and T4 (Esquivel et al., 1977). Hashimoto’s Thyroiditis is
considered an organ specific autoimmune disease because it is caused by a self-damage
process of mononuclear cells such as macrophages, neutrophils, and other cell types
(Esquivel et al., 1977; Morris and Kong, 2005). This destruction of thyroid tissue is
repaired by connective tissue that is not functional thyroid tissue. The signs and
symptoms of Hashimoto’s Thyroiditis include formation of a nontoxic goiter and severe
hypothyroidism with an atrophic thyroid gland (Greenspan and Gardner, 2004).
5. Experimental Autoimmune Thyroiditis (EAT)
Many animal models have been designed in order to investigate the autoimmune
aspects of Hashimoto’s thyroiditis. Experimental Autoimmune Thyroiditis (EAT) has
been cited as an experimental model for Hashimoto’s Thyroiditis. As early as the 1950’s
it was shown that animals as mice, rats, guinea pigs, and monkeys that were injected with
xenogeneic thyroglobulin emulsified in Complete Freund’s Adjuvant (CFA) developed
EAT (Voller et al., 1980). Syngeneic and allogeneic Tgs can be also used, however, they
are less effective inducing EAT (Vesna and Rose, 1976). In addition, the use of an
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injection of Bordetella pertussis proved to enhance the incidence and severity of EAT in
animal models. However, when B. pertussis is administered in high doses, there is a
decrease in the severity of EAT in mice. One possible explanation of this matter is that B.
pertussis might have competed with the Tg antigen (Vladutiu and Rose, 1972). Humoral
and cellular immune responses are involved in the induction of EAT. In the case of the
cell-mediated response, T-cells appear to escape a regulatory mechanism, and recognize
self-antigens in the thyroid gland leading to T-cell mediated damage. In the humoral
response the production of antibodies and mononuclear cell infiltration in the thyroid
cause the damage (Guimaraes et al., 1995). Investigations of the humoral response
demonstrated that the bone marrow appears to be the most important site of thyroglobulin
antibody synthesis in most animal models, while in humans the thyroid is the important
site for thyroglobulin antibody synthesis (Weetman et al., 1982). Also, there is a
correlation between the level of circulatory antibodies and the severity of lesions
observed in the thyroid gland (Lillehoj and Rose, 1982). Additionally, factors such as the
type of adjuvant, type of Tg, and number of lymph node cells present can affect the
induction of EAT in animal models (Rose et al., 1973). Finally, in order to induce EAT in
an animal model, the animal itself must have a healthy immune system. For example,
when “nude” mice (mice without a functional immune system) were studied, no EAT was
induced by the injection of xenogeneic Tg in CFA. Similar results were observed when
the “B mice” (mice without functional T-cells) were used (Esquivel et al., 1982).
5.1 Xenogeneic Thyroglobulin
Studies of EAT in different mice and rat models have suggested that
thyroglobulin (Tg) is the major autoantigen in thyroid tissue (Vesna and Rose, 1976). The
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severity of the lesions in the thyroid gland varies according to the type of Tg used, with
bovine thyroglobulin (BTg) the most widely used. All studies utilized a xenogeneic Tg
because xenogeneic Tg produces a higher rate of EAT, greater autoantibody production,
and more severe infiltration of mononuclear cells in the thyroid (Vesna and Rose, 1976).
Previous studies have shown that T-cells from mice genetically susceptible to EAT
induction such as the C57Br mice can recognize a foreign antigenic determinant in the
xenogeneic or syngeneic Tg (Nabozny et al., 1990). The ability to recognize the antigenic
determinants is controlled by the H-2 complex in mice. Previous work demonstrated that
thyroglobulin from a strain of animals that lack this H-2d allele had a lower or poor
response to any type of thyroglobulin, and therefore poor induction of EAT, while H-2k
bearing strain had an opposite effect (Vesna and Rose, 1976; Vesna et al., 1984).
5.2 Adjuvant
An adjuvant is an agent used to stimulate an immune response by stimulating
T-cells, and activation of macrophages. The adjuvant is administered with the antigen
(bovine thyroglobulin) in each rear footpad. There are two types of adjuvant, the
repository, and the water-in-oil emulsifier. The repository type is made of aluminum and
calcium, which can hold the antigen in an intramuscular and subcutaneous depot for up to
four weeks (Islam et al., 1983). However, the results obtained using this adjuvant are
slow. The water-in-oil is made of an oil base, which can release the antigen in a more
uniform manner. The water-in-oil type is subdivided into Incomplete Freund’s Adjuvant
(IFC) and the Complete Freund’s Adjuvant (CFA). The difference between the IFC and
CFA is that CFA contains 0.5 mg/ml of attenuated mycobacteria (Fisher, 1985). This
attenuated mycobacterium component of CFA seems to be an important factor in the
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induction of different autoimmune diseases. Previous studies by Lee and Schneider
(1962), and Nakamura and Weigle (1969) reported that when high amounts of
mycobacterium were used in combination with Tg, there was a significant decrease in the
incidence for an autoimmune disease, while when used in small amounts it was
inefficient. The mechanism(s) by which adjuvant enhance the immune response are
unknown. Suggested mechanisms of action include the increase of the number of
antibody producing cells, and/or the increase of time the antigen spends in contact with
the immune system (Fisher, 1985). In addition to CFA, a bacterial lipopolysaccharide can
be also used, but it requires T-cells to act as an adjuvant (Kong et al., 1985).
5.3 Age
Since there is a correlation between ageing and autoimmunity in both humans and
rats, there is also a decrease with age in immune system functions. Age seems to play an
important role in EAT. Previous studies on mice had showed that the humoral response
and Delayed-Type Hypersensitivity (DTH) in old mice decreased with age, while in
young mice there is both a humoral and cellular-mediated responses present after EAT
induction (Esquivel et al., 1982).
6. Scanning Electron Microscopy
Scanning Electron Microscope (SEM) produces a vivid, three-dimensional image
of the specimen surface over a wide range of magnifications (Hayat, 1978). The external
or internal surfaces of the specimen may be studied, and additional accessories make it
possible to analyze the elemental composition of the specimen. The rapid advances of the
development of the SEM have made it an important tool for the examination of a variety
of tissues (Hayat, 1974). The first commercial SEM was constructed in 1965, and since
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then a few changes had been made into the original SEM, but the basics of the
microscope remain the same (Hayat, 1978; Ganger, 2005). The principle of SEM is that
narrow beam of electrons is produced in an electron gun at one end of the vacuum
column, and then focused on as small a spot as possible on the surface of a specimen
placed at the far end of the column creating the image (Hayat, 1978).

Research Proposal
The objectives of this thesis are as follows:
I.

To develop a new procedure to induce EAT in Sprague-Dawley rats.
EAT has been induced by one set of intradermal injections of bovine

thyroglobulin emulsified in CFA in each rear footpad of Sprague-Dawley rats. An
injection of Bordetella pertussis was utilized to further stimulate the immune system.
However, Bordetella pertussis is no longer manufactured in large quantities, and it is
extremely difficult to purchase. Therefore, the procedure had to be altered to induce EAT
in Sprague-Dawley rats. The major changes to the procedure was to administer two sets
of injections into each rear footpad with thyroglobulin emulsified in CFA at 7-day
intervals, and omit the injection of B. pertussis. Preliminary experiments (Bink et al.,
2005) demonstrated that EAT was induced in Sprague-Dawley male rats by this new
technique. Changes in the size and vascularity were observed as well as damage to the
follicular structure utilizing the SEM.
II.

To study the effects of age on the induction of EAT in Sprague-Dawley
rats.
Previous experiments were performed on older rats because the injections of

adjuvant and Tg in the rear footpads were much easier to administer in these larger
animals. However, preliminary results of adjuvant-induced arthritis in Sprague-Dawley
rats suggested that age was an important factor in the induction of this arthritis model in
Sprague-Dawley rats (Escobedo et al., 2005). Therefore, older and younger SpragueDawley male rats were utilized in this thesis to determine if age would alter the induction
and severity of EAT in these rats.
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III.

To confirm EAT induction in the thyroid tissue using SEM and to
characterize the damage.
Progress of the severity of EAT was checked with exploratory surgeries.

Enlargement of the thyroid gland and increase in vascularity were observed visually in
the animals in which EAT was induced during the preliminary experiments. However,
further tissues analysis was performed on each animal using the SEM to characterize the
lesions caused by the disease.
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Materials and Methods
1. Animals
Mature and immature male Sprague-Dawley rats were used in this research
experiment. The maturity of these animals was determined according to age and weight.
Immature rats weighed 250 grams on average (7-8 weeks old) and the mature rats
weighed 450 grams on average (12-14 weeks old). These rats were obtained from
Taconic Farms, Germantown, NY. The rats were delivered at weaning weighing 80
grams at 3 weeks old, and they have been maintained in the Montclair State University
Animal Room. The rats were fed with Purina rat chow and tap water ad libitum.
1.1 Animal Identification
The rats’ ears were punched for easier identification. A hole of a full circle in the
top, middle, or bottom right ear indicated that the animal was from the 10, 20, or 30
grouping respectively. A hole of a full circle in the top, middle, or bottom left ear
indicated that the animal was 1, 2, or 3, respectively.
2. Preparation of Thyroglobulin in Complete Freund’s Adjuvant
2.1 Bovine Thyroglobulin
Bovine Thyroglobulin (Sigma-Aldrich, Saint Louis, MO) was utilized to induce
EAT. The dosages of bovine thyroglobulin used in the experimental groups varied
according to the weight of the animals. The dosage given to each animal was 5.5 mg
BTg/ per 100 grams body weight in 0.15 ml of CFA and saline emulsion.
2.2 Thyroglobulin Emulsion
Bovine thyroglobulin was emulsified in 1.0 ml of 0.85% saline solution and 1.0
ml of Complete Freund’s Adjuvant (CFA) (Fisher Scientific, Pittsburgh, PA). The
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mixture was emulsified using a 3 ml glass syringe. The mixture was ready to use when
the resultant emulsion had a homogeneous cloudy color, and the viscosity had increased
compared to CFA.
3. Immunization of the Rats
The male rats were separated into four groups. Each group consisted of 4-7 male
rats of approximately the same weight. Immature rats weighed 250 grams and mature rats
weighed 450 grams. Each group included experimental and control animals. All the rats
were anesthetized with ether prior to all procedures.
3.1 Experimental Group
Each experimental rat (n = 16) was injected intradermally in both rear footpads
using a 1.0 ml plastic syringe at 7-day intervals with 0.15 ml of bovine thyroglobulin (5.5
mg BTg/ per 100 grams of body weight) in a saline and CFA emulsion. Group 1
(immature rats) encompassed five experimental animals, while groups 2, 3, and 4 (mature
rats) contained four, three, and four experimental animals, respectively. In addition,
experimental animals of group 1 were administered four sets of injections instead of two
sets of injections in each footpad as the animals of group 2, 3, and 4.
3.2 Control Group
The control rats {n = 7) of each group were injected intradermally in both rear
footpads using a 1.0 ml. plastic syringe at 7-day intervals with 0.15 ml of saline and CFA
emulsion. Group 1 (immature rats) encompassed two control animals, while groups 2, 3,
and 4 (mature rats) contained two, one, and two control animals, respectively. In addition,
control animals of group 1 were administered four sets of injection instead of two sets of
injections in each footpad as the animals of group 2, 3, and 4.

3.3 Exploratory surgery
After the immunizations, exploratory surgeries were performed 14 days after the
second set of immunizations to visably assess the thyroids. On day 21, animals in Groups
2, 3, and 4 were sacrificed after the exploratory surgeries, and the thyroid processing
began (figure 8, pg 20). Exploratory surgeries were performed in Group 1 animals on day
21, and then weekly until day 42. On day 42 the immunizations procedure were repeated.
Exploratory surgeries were performed again on day 63. The animals were sacrificed after
the second exploratory surgeries, and the thyroid processing began (figure 7, pg. 19). The
thyroids were measured in millimeters using a digital caliper (Fisher Scientific,
Pittsburgh, PA) (table pg. 67). Preliminary experiments demonstrated that if EAT was
developing, there were visual changes in the thyroid (Bink et al., 2005).

Group 1 (1st set of injections)
Day 0

Group 1 (2nd set of injections)
Day 7

I
Exploratory surgeries were
performed weekly

Group 1 (exploratory surgeries)
Day 21

Group 1 (3rd set of injections)
Day 42

1
Group 1 (4th set of injections)
Day 49

Group 1 (exploratory surgeries)
Day 63
Animals sacrificed

Fig. 7 Timing of Group 1 immunizations and surgeries.
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Groups 2, 3, and 4 (1st set of injections)
Day 0

Groups 2, 3, and 4 (2nd set of injections)
Day 7

Groups 2, 3, and 4 (exploratory surgeries)
Day 21
Animals sacrificed

4. Tissue Preparation for SEM
4.1 Specimen Cleaning
All 23 male rats were sacrificed, and their thyroids removed. The majority of the
specimens are usually covered with extracellular materials such as mucus, blood, lymph,
and cell debris, among other substances (Hayat, 1978). Therefore, proper cleaning is
required to remove these contaminants. Each thyroid gland was rinsed and flushed with
0.2 M. of Sorensens Buffer (pH 7.3) for 30 minutes. 23 ml of 0.2 M. Sodium Phosphate
Monobasic solution (Mallinckrodt Chemicals, Phillipsburg, NJ) was mixed with 77 ml of
0.2 M. Sodium Phosphate Dibasic solution (Mallinckrodt Chemicals, Phillipsburg, NJ) to
make 100 ml of Sorenses Buffer (pH 7.3).
4.2 Fixation
Each thyroid sample was suspended in Karnovsky’s Glutaldehyde (pH 7.4)
fixative until the dehydration process was performed.
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4.3 Dehydration
Each thyroid gland was dehydrated using a graded series of ethanol and acetone
concentrations (30%, 50%, 70%, 90%, 95%, and 100%). Each sample was placed for 10
minutes in each concentration above to replace the water in the tissue with alcohol, and
then the alcohol was slowly evaporated leaving a dry specimen.
4.4 Chemical Drying
Instead of using the traditional SEM critical point drying technique, chemical
drying was performed. The chemical used to perform this step was hexamethyldisilazane
(HMDS). Each tissue was placed in a 1:1 ratio of ethanol and HMDS, and then the tissue
was placed in two 100% HMDS solutions, and was left to evaporate and air dry.
4.5 Mounting
After chemical drying the specimens, samples were mounted on carbon 12 mm
Hitachi stubs.
4.6 Coating
Each specimen was coated with gold/palladium using the Denton Desk II Sputter
Coater (Denton Vacuum, NJ, USA) with an Au/Pd target at 20 millivolts for a period of
60 seconds, and introducing pure argon gas at a regulated flow of 5 liters per minute. A
sputter unit controlled the introduction of argon into the sputter chamber. The bleed rates
were not obtainable. Vacuum levels were maintained at 20 mtorr.
5. Tissue Analysis under SEM
Each stub containing the coated specimen was placed into a Hitachi 2460-N SEM
(Hitachi High Technology, CA, USA) and placed under high vacuum for an observation
between 7.0 - 8.0 KeV, and x 1.1 and x 2.5 magnification powers.
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6. Grading System for Severity of EAT
A basic grading system was designed to assess the severity of EAT. In the control
thyroid tissue, a dense concentration of follicles was observed, and there was no
connective tissue present between follicles. In animals displaying EAT, there was a
decrease in the number of follicles, and an increase of connective tissue between follicles.
The presence of infiltrating cells was also observed in some EAT induced animals. The
degree of damage was ranked as either slight, or moderate, or severe based on the number
of follicles, and the amount of connective tissue present between follicles.
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Results

Fig. 10 Group 1 Animal 11 (control) at x 2.5 K and 8.0 kV.

Fig. 11 Group 1 Animal 11 (control) vertical view.

Fig. 12 Group 1 Animal 11 (control) horizontal view.
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Fig. 13 Group 1 Animal 12 (control) at x 1.1 K and 8.0 kV.

Fig. 14 Group 1 Animal 12 (control) at x 2.5 K and 8.0 kV.

Fig. 15 Group 1 Animal 12 (control) vertical view.

Fig. 16 Group 1 Animal 12 (control) horizontal view.
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Fig. 17 Group 1 Animal 13 (experimental) at x 1.1 K and 8.0 kV.

Fig. 18 Group 1 Animal 13 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 19 Group 1 Animal 13 (experimental) vertical view.

Fig. 20 Group 1 Animal 13 (experimental) horizontal view.
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Fig. 21 Group 1 Animal 21 (experimental) at x 1.1 K and 8.0 kV.

Fig. 22 Group 1 Animal 21 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 23 Group 1 Animal 21 (experimental) vertical view.

Fig. 24 Group 1 Animal 21 (experimental) horizontal view.
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Fig. 25 Group 1 Animal 22 (experimental) at x 1.1 K and 8.0 kV.

Fig. 26 Group 1 Animal 22 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 27 Group 1 Animal 22 (experimental) vertical view.

Fig. 28 Group 1 Animal 22 (experimental) horizontal view.
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Fig. 29 Group 1 Animal 31 (experimental) at x 1.1 K and 8.0 kV.

Fig. 30 Group 1 Animal 31 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 31 Group 1 Animal 31 (experimental) vertical view.
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Group 1, Animal 11 (figures 9 and 10), and Animal 12 (figures 13 and 14) were
controls. The thyroid of Animal 11 was observed under the SEM at x 1.1 K, 8.0 KeV, and
x 2.5 K, 8.0 KeV respectively, and demonstrated a typical follicular structure with no
infiltration of cells. Animal 12 observed at x 1.1 K, 8.0 KeV and x 2.5 K, 8.0 KeV,
demonstrated a decrease of follicle numbers, but no infiltration of cells. Animal 13
(figures 17 and 18), Animal 22 (figures 25 and 26), and Animal 31 (figures 29 and 30)
were all experimental animals observed under the SEM at x 1.1 K, 8.0 KeV and x 2.5 K,
8.0 KeV. These animals received four sets of injections of BTg in CFA instead of two
sets of injections as groups 2, 3, and 4. Animals 13, 22, and 31 demonstrated severe
damage to the thyroid follicles. There was a decrease in the number of follicles present,
and there was a significant increase of connective tissue between follicles. Animals 22
and 31 demonstrated the presence of infiltrating cells in the follicles. Animal 21 (figures
21 and 22), an experimental observed under the same magnifications as the previous
tissues demonstrated slight damage to the thyroid structure. Animal 23, an experimental
animal died of unknown causes prior to the second sets of injections.
In all experimental animals in Group 1 (figures 19, 20, 23, 24, 27, 28, and 31) an
increase in size of the thyroid gland was observed when compared to control Animal 11
(figures 11 and 12) (table 1, pg 67). The other control Animal 12 (figures 15 and 16)
demonstrated an increase in size of the thyroid gland similar to the experimental animals
(table 1, pg 67).
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Fig. 32 Group 2 Animal 11 (control) at x 200 and 8.0 kV.

Fig. 33 Group 2 Animal 11 (control) at x 2.5 K and 8.0 kV.
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Fig. 34 Group 2 Animal 11 (control) vertical view.

Fig. 35 Group 2 Animal 11 (control) horizontal view.
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Fig. 36 Group 2 Animal 13 (experimental) at x 1.1 K and 8.0 kV.

Fig. 37 Group 2 Animal 13 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 39 Group 2 Animal 13 (experimental) horizontal view.
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Fig. 40 Group 2 Animal 21 (experimental) at x 1.1 K and 7.5 kV.

Fig. 41 Group 2 Animal 21 (experimental) at x 2.5 K and 7.5 kV.
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Fig. 42 Group 2 Animal 21 (experimental) vertical view.

Fig. 43 Group 2 Animal 21 (experimental) horizontal view.

41

Fig. 44 Group 2 Animal 22 (experimental) at x 1.1 K and 8.0 kV.

Fig. 45 Group 2 Animal 22 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 46 Group 2 Animal 22 (experimental) vertical view.

Fig. 47 Group 2 Animal 22 (experimental) horizontal view.
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Fig. 48 Group 2 Animal 23 (experimental) at x 1.1 K and 8.0 kV.

Fig. 49 Group 2 Animal 23 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 50 Group 2 Animal 23 (experimental) vertical view.

Fig. 51 Group 2 Animal 23 (experimental) horizontal view.
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Group 2, Animal 11 (figures 32 and 33) was a control. The thyroid of Animal 11
was observed under the SEM at x 200, 8.0 KeV and x 2.5 K, 8.0 KeV and demonstrated a
typical follicular structure of the thyroid with no infiltration of cells. Animal 12, also a
control died of unknown cause during the course of the experiment. Animal 13 (figures
36 and 37), Animal 21 (figures 40 and 41), Animal 22 (figures 44 and 45), and Animal 23
(figures 48 and 49) were all experimental animals observed under the SEM at x 1.1 K,
8.0 KeV and x 2.5 K, 8.0 KeV with the exception of Animal 21 that was observed under
7.5 KeV. All Group 2 experimental animals demonstrated significant damage to the
thyroid follicles. There was a decrease in the number of follicles present, and there was a
significant increase of connective tissue between follicles. In Animals 21, 22, and 23
presence of infiltrating cells in the follicles was observed.
In all experimental animals in Group 2 (figures 38, 39, 42, 43, 46, 47, 50, and 51)
an increase in size of the thyroid gland was observed when compared to the control
Animal 11 (figures 34 and 35) (table 1, pg 67).
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Fig. 52 Group 3 Animal 11 (control) at x 350 and 8.0 kV.

Fig. 53 Group 3 Animal 11 (control) at x 2.5 K and 8. 0 kV.
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Fig. 54 Group 3 Animal 11 (control) vertical view.
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Fig. 55 Group 3 Animal 11 (control) horizontal view.
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Fig. 56 Group 3 Animal 12 (experimental) at x 1.1 K and 8.0 kV.

Fig. 57 Group 3 Animal 12 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 58 Group 3 Animal 12 (experimental) vertical view.

Fig. 59 Group 3 Animal 12 (experimental) horizontal view.
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Fig. 60 Group 3 Animal 13 (experimental) at x 600 and 8.0 kV.

Fig. 61 Group 3 Animal 13 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 62 Group 3 Animal 13 (experimental) vertical view.
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Fig. 63 Group 3 Animal 13 (experimental) horizontal view.
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Fig. 64 Group 3 Animal 21 (experimental) at x 1.1 K and 8.0 kV.

Fig. 65 Group 3 Animal 21 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 66 Group 3 Animal 21 (experimental) vertical view.

Fig. 67 Group 3 Animal 21 (experimental) horizontal view.
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Group 3, Animal 11 (figures 52 and 53) was the control. The thyroid of Animal
11 was observed under the SEM at x 300, 8.0 KeV, and x 2.5 K, 8.0 KeV, and a typical
follicular structure with no infiltration of cells was observed. Animal 12 (figures 56 and
57), Animal 21 (figures 64 and 65), were experimental animals observed under the SEM
at x 1.1 K, 8.0 KeV and x 2.5 K, 8.0KeV. Animals 12 and 21 demonstrated severe
damage to the thyroid follicles. There were a decrease in the number of follicles present,
and there was a significant increase of connective tissue between follicles. Animals 12
and 21 demonstrated the presence of infiltrating cells in the follicles. Animal 13 (figures
60 and 61), also an experimental observed under the same magnifications on the SEM as
the previous tissues demonstrated only moderate damage to the thyroid structure, and did
not show a decrease in the number of follicles nor an increase of connective tissue
between the follicles.
In all experimental animals in Group 3 (figures 58, 59, 62, 63, 66, and 67) an
increase in size of the thyroid gland was observed when compared to control the control
Animal 11 (figures 54 and 55) (table 1, pg 67).
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Fig. 68 Group 4 Animal 11 (control) at x 1.1 K and 8.0 kV.

Fig. 69 Group 4 Animal 11 (control) at x 2.5 K and 8.0 kV.

56

Fig. 70 Group 4 Animal 11 (control) vertical view.

Fig. 71 Group 4 Animal 11 (control) horizontal view.
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Fig. 72 Group 4 Animal 12 (control) at x 1.1 K and 8.0 kV.

Fig. 73 Group 4 Animal 12 (control) at x 2.5 K and 8.0 kV.
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Fig. 74 Group 4 Animal 12 (control) vertical view.

Fig. 75 Group 4 Animal 12 (control) horizontal view.
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Fig. 76 Group 4 Animal 13 (experimental) at x 1.1 K and 8.0 kV.

Fig. 77 Group 4 Animal 13 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 78 Group 4 Animal 13 (experimental) vertical view.

Fig. 79 Group 4 Animal 13 (experimental) horizontal view.
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Fig. 80 Group 4 Animal 22 (experimental) at x 1.1 K and 8.0 kV.

Fig. 81 Group 4 Animal 22 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 82 Group 4 Animal 22 (experimental) vertical view.

Fig. 83 Group 4 Animal 22 (experimental) horizontal view.
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Fig. 84 Group 4 Animal 23 (experimental) at x 1.1 K and 8.0 kV.

Fig. 85 Group 4 Animal 23 (experimental) at x 2.5 K and 8.0 kV.
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Fig. 86 Group 4 Animal 23 (experimental) vertical view.

Fig. 87 Group 4 Animal 23 (experimental) horizontal view.
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Group 4, Animal 11 (figures 68 and 69) and Animal 12 (figures 72 and 73) were
the controls. The thyroid of Animal 11 was observed under the SEM at x 1.1 K, 8.0 KeV
and x 2.5 K, 8.0 KeV demonstrated a typical follicular structure. However, tissue from
Animal 12 was mounted at a 45-degree angle on the carbon stub, therefore, the
orientation of the tissue in figures 72 and 73 were not the same as in the other animals.
Animal 13 (figures 76 and 77), Animal 22 (figures 80 and 81), and Animal 23
(figures 84 and 85) were all experimental animals observed under the SEM at x 1.1 K,
8.0 KeV, and x 2.5 K, 8.0 KeV. In all of these animals severe damage to the thyroid
follicles was observed. There was a decrease in the number of follicles present, and there
was a significant increase of connective tissue between follicles. In Animals 22 and 23,
the presence of infiltrating cells in the follicles was seen. Animal 21, also an experimental
died of unknown cause during the course of the experiment.
In all experimental animals in Group 4 (figures 78, 79, 82, 83, 86, and 87) an
increase in size of the thyroid gland was observed when compared to control Animal 11
(figures 70 and 71) (table 1, pg 67). The other control Animal 12 (figures 74 and 75)
demonstrated an increase in size of the thyroid gland similar to the experimental animals
(table 1, pg 67).
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Table 1. Measurements of the thyroid gland
G roup #

A nim al #

Size of thyroid (mm)

1

11

1.0 m m x 2.5 m m

1

12

2 .0 m m x 5 .0 m m

1

13

2 .0 m m x 6 .0 m m

1

21

2 .0 m m x 5 .0 m m

1

22

1.5 m m x 6 .0 m m

1

31

2.5 m m x 5 .0 m m

2

11

2 .0 m m x 3 .0 m m

2

13

2 .0 m m x 5 .0 m m

2

21

2 .0 m m x 6 .0 m m

2

22

2 .0 m m x 4 .0 m m

2

23

2 .0 m m x 5 .0 m m

3

11

1.5 m m x 3.5 m m

3

12

2 .0 m m x 6 .0 m m

3

13

2 .0 m m x 5 .0 m m

3

21

2 .0 m m x 5 .0 m m

4

11

1.5 m m x 5 .0 m m

4

12

3 .0 m m x 5 .0 m m

4

13

4 .0 m m x 8 .0 m m

4

22

2 .0 m m x 5 .0 m m

4

23

3 .0 m m x 6 .0 m m
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Discussion
Traditionally, induction of EAT in rats has been produced by one set of
intradermal injections of bovine thyroglobulin (BTg) emulsified in CFA into each rear
footpad of Sprague-Dawley rats. Simultaneously, a subcutaneous injection of Bordetella
pertussis was utilized to further stimulate the immune system (Vesna and Rose, 1976;
Vladutiu and Rose, 1972; Paterson and Drobish, 1968). However, due to the lack of
availability of B. pertussis, a different procedure had to be developed. In this new
procedure each experimental rat received two sets of injections in each rear footpad of
BTg emulsified in CFA at 7-day intervals, and the injection of B. pertussis was omitted.
This proved to be an extremely effective procedure for inducing severe EAT in SpragueDawley rats.
In Groups 2, 3, and 4 EAT was successfully induced by two sets of injections of
5.5 mg BTg/ per 100 grams of body weight in a saline and CFA emulsion of 0.15 ml on
days 0 and 7. At the time of the first set of injections, the weight of these animals
averaged 450 grams and the animals were 12-14 weeks old. The gross anatomy of the
thyroid gland was observed by performing exploratory surgeries two weeks after the
second set of immunizations. Each animal was anesthetized using ether, and a small
incision was made in the neck. The muscles and connective tissue, which protects the
thyroid, were moved to one side without disturbing the recurrent laryngeal nerve, which
can cause death by asphyxiation if damaged. Enlargement of the thyroid gland and
increased vascularity is one indicator of disease progress, and a successful induction of
EAT. In Groups 2, 3, and 4, the experimental animals demonstrated increase of thyroid
size and/or increased vascularity, and the animals were immediately sacrificed, and their
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thyroids were removed. Group 4 Animal 12 was a control, but the thyroid size was
similar to the thyroids of the experimental animals. However, changes in the gross
anatomy of the thyroid can be caused by other factors. For example, non-toxic goiters are
most commonly caused by iodine deficiency (dietary), environmental temperature, and
hormonal changes. Also, Sprague-Dawley rats are not inbred, and variation in thyroid
size may reflect the genetic variability between animals.
The SEM was utilized to assess thyroid damage. In Groups 2, 3, and 4, all but two
experimental animals demonstrated severe damage to the thyroid follicles. There was a
significant decrease in the number of follicles present, and a significant increase in
connective tissue between the few follicles present. The only exception was found in
Group 3 Animal 13, which developed only moderate damage to the thyroid structure with
follicular damage, but no decrease in the number of follicles or increase of connective
tissue between the follicles. If there was leakage of the BTg emulsion after any injection,
the amount of antigen may be insufficient to cause severe damage. If the injection was
subcutaneous rather than intradermal, the severity of EAT in rats injected with BTg in
CFA and saline is decreased. The follicular structures of all control animals of Groups 2,
3, and 4 were normal, and there was no decrease in the number of follicle or increase in
connective tissue between follicles. Since the thyroid of Group 4 Animal 12 was normal,
the increase in size of this thyroid did not reflect thyroid disease.
There presence of infiltrating cells in damaged thyroid tissue varied between
animals. In some animals, large numbers of infiltrating cells were observed (figures 40,
41), while in others few (figures 44, 45, 48, 49, 56, 57, 64, 65, 76, 77, 80, and 81) or none
(figures 36, 37, 60, 61) were present. Using the SEM it was impossible to identify the
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type of infiltrating cells. In previous research infiltrating cells have been included
macrophages, neutrophils, and lymphocytes (Esquivel et al., 1977). Additional research
should utilize light microscopy to attempt to identify the cell type of these infiltrating
cells.
Group 1 experimental animals also received two sets of injections of BTg (5.5
mg/per 100 grams of body weight) in 0.15 ml of a saline and CFA emulsion on days 0
and 7. However, the first set of immunizations occurred when the animals weighed
approximately 250 grams, and they were 7-8 weeks old. The gross anatomy of the thyroid
of representative Group 1 animals following exploratory surgeries on day 21 showed no
visible enlargement or increase vascularity of the thyroid. Exploratory surgeries occurred
weekly until day 42 and no visible enlargement or increase of vascularity was observed.
The animals were injected again with the same dose of BTg, CFA and saline emulsion, or
CFA and saline emulsion. These third and fourth sets of immunizations began when the
animals weighed approximately 450 grams, and were between 12-14 weeks old. Fourteen
days after the animals received their last set of injections, exploratory surgeries were
performed, and the thyroids of experimental animals displayed an increase in size, and
vascularity. All animals were sacrificed, and their thyroids were removed.
Animal 12, a control animal in Group 1 showed an increase in size, and
vascularity when compared to other controls. The thyroid of this animal had to be viewed
under the SEM to try to determine the cause of this enlargement. Increase in size and
vascularity was not seen in Group 1 animals after their initial immunizations as was
observed in Groups 2, 3, and 4.
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Thyroid damage was observed by scanning electron microscopy. In Group 1,
experimental animals with the exception of Animal 21, displayed severe damage to the
thyroid. There was a significant decrease in the number of follicles present, and there was
a marked increase in connective tissue between the few follicles present. The presence or
absence of infiltrating cells differed between animals. For example Animal 31 (figure 29,
and 30) a few infiltrating cells were seen, while Animal 13 (figures 17, and 18) no
infiltrating cells were seen. Animal 21, demonstrated slight damage to the thyroid
follicles, but no decrease in the number of follicles or an increase of connective tissue
between the follicles. It is possible that when this animal was injected the emulsion might
have leaked out of the rear footpad, so the animal did not received the appropriate dose of
BTg. Another explanation for the very slight damage observed in this animal is that the
injection of emulsion was administered subcutaneously not intradermally. Subcutaneous
injections of the emulsion are ineffective in inducing experimental autoimmune diseases
in rats. In Animal 11, a control, the normal thyroid structure was observed. However, in
animal 12 also a control, there was a decrease in follicle numbers without an increase in
the connective tissue between follicles. It is possible that the animal received BTg, CFA,
and saline emulsion by mistake, and thus small amount of BTg was available to induce a
slight autoimmune response, and this would explain the increase in size and vascularity
of the thyroid of this control.
Group 1 animals weighing 250 grams at the time of their first and second sets of
injections did not develop abnormal thyroid gross anatomy results by day 21, as observed
in animals of Groups 2, 3, and 4, which weighed 450 grams at the time of their first and
second sets of injections. The Group 1 animals were 7 to 8 weeks old, while Groups 2, 3,
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and 4 animals were 12-14 weeks old. There appears to be a correlation between age and
the ability to induce EAT in Sprague-Dawley rats. There was not a similar correlation
between age and EAT induction in a variety of inbred strains of mice. Romball and
Weigle (1987) reported that as the CBA/CaJ, and A/J mice age, their ability to develop
circulating antibodies and their Delayed Type Hypersensitivity (DHT) responses
decreased significantly. Goidl et al. (1981) reported that C57B1/6, and BALB/c mice
showed a decrease in the response to foreign antigens while the response to self-antigens
increased with age. Esquivel et al. (1982) reported that humoral response to xenogeneic
Tg decreases with age and infiltration of the thyroid is not seen in Rockefeller mice. In
young Rockefeller mice both a humoral and cellular-mediated responses were present in
EAT.
Preliminary experiments by Escobedo et al. (2005), demonstrated that 150 grams
(6-7 weeks old) Sprague-Dawley male rats did not develop adjuvant-induced arthritis,
while the old rats that weighed 450 grams or more developed severe arthritis in the hind
legs. These results suggest that age may be an important factor in the induction of
arthritis on Sprague-Dawley rats. A similar lack of response in the young Group 1 rats
may explain why there was not a change in the gross anatomy of the thyroid in day 21.
However, the third and fourth sets of injections in the Group 1 animals occurred when
they were 450 grams, and 12-14 weeks of age. The Group 1 animals were the same size
and age as Groups 2, 3, and 4 when EAT was successfully induced.
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Conclusions
In conclusion, the use of the new procedure to induce EAT in Sprague-Dawley
rats was successful. The rats did not need the additional injection of B. pertussis.
However, each rat received a second set of intradermal injections of the experimental
emulsion in order to further stimulate the immune system. Group 1 animals injected as
immature (250 grams; 7-8 weeks old) showed no enlargement or increase in vascularity
of the thyroid after the injections on days 0 and 7, which induced the disease in Groups 2,
3, and 4. Group 1 animals were injected again when they reached maturity. These mature
animals (450 grams; 12-14 weeks old) showed enlargement or increase in vascularity of
the thyroid after exploratory surgeries were performed. It appears that in our SpragueDawley rats, weight is a factor in the successful induction of EAT. In these rats weight
correlates with the age of the rat until male Sprague-Dawley rats reach approximately
500 grams.
Escobedo et al. observed similar results (2005) in adjuvant induced-arthritis in the
same Sprague Dawley rats. The immature (150 grams; 7-8 weeks old) rats did not
develop the disease, but when these same rats were injected at maturity (450 grams)
arthritis was induced. The disease was characterized by severe inflammation of the joints
of the hind legs (personal communication). However, earlier research papers by Rose et
al. (1973), and Romball and Weigle (1987) reported that in mice models and some rat
strains, older animals developed less severe lesions, and both humoral and cellularmediated responses decreased with age.
Other possible explanations for the apparent unsuccessful induction of EAT in
young Group 1 rats could be the level of maturity of the immune system. If the immune
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system matures slowly, the 7-8 weeks old rats may not be immunocompetent enough to
respond to the BTg. Levels of hormone vary with age, and this might influence the
induction of EAT in immature versus mature animals. Sprague-Dawley rats are not
inbred, and there is genetic diversity between individuals. Further genetic variation may
occur between Sprague-Dawley rats sold by differed companies. These different
populations of Sprague-Dawley rats have been isolated for over forty years, and that may
explain the successful induction of EAT in 8 weeks old Sprague-Dawley rats (Rose et al.,
1972) and my failure to induce the disease in the same age group.
The identification of the infiltrating cells was not possible using just the SEM.
Light microscopy is necessary for the proper identification of these cells. However, SEM
proved to be an useful tool to assess the level of the severity of EAT.
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